Background and Aims: Surgical repair of right partial pulmonary anomalous connection
| Patient profiles
This retrospective study was performed according to the French legislation and was approved by our institution authorities. From 1997 to 2016, 59 patients with right PAPVC repaired with the Warden procedure were identified from our database and included in our retrospective study. The median age at time of the operation was 14 years range (5 months to 61 years) and 26 (43%) were males.
Thirty (50%) patients had the pulmonary venous connection at the lower half of the superior vena cava (SVC), 18 (30.5%) at the upper half of the SVC, and 10 (16.9%) had a staged pulmonary venous return between the cavoatrial junction and the SVC. One patient had a left pulmonary abnormal venous return in the bridging vein as well as a right abnormal pulmonary venous return in the upper part of the SVC. A persistent left SVC was present in six (1%) patients. Fifty-four (91.5%) patients had an ASD. The remaining patients required either an ASD creation (n = 5; 8.5%) because of an intact atrial septum or an enlargement (n = 18; 30.5%) because of a small ASD. A SV-type ASD was present in 38 (64.4%) cases, the ostium secundum type in five (8.5%) cases, and only a persistent foramen ovale in two (3.4%)
cases. There were multiple ASDs (ie: foramen ovale with SV) in nine 
| Operative technique
All procedures were performed through a midline sternotomy, except two patients who had a right axillary thoracotomy in the fourth intercostal space. Cardiopulmonary bypass was performed with standard aortic cannulation and double venous drainage. The SVC, the brachiocephalic vein, and the jugular-subclavian junction were extensively mobilized before cannulating the SVC superior to the origin of the bridging vein. Once bypass was established, the aorta was cross clamped and the heart arrested with multidose, antegrade, cold blood cardioplegia. For the Warden procedure, both vena cavas were snared and the azygos vein was divided between two ligatures for better mobilization of SVC and the bridging vein was freed from all the collaterals (thymus and mammary veins). The anomalies were approached via a longitudinal atrial incision parallel to the atrioventricular sulcus. A bovine pericardial patch (Edwards Lifesciences, Irvine, CA) was then inserted to partition the RA, leaving the ASD on the side of the SVC and the PAPVCs. In case of an absent or a small ASD, it was created or extended into the fossa ovale to redirect the pulmonary venous flow toward the left atrium.
A double running absorbable suture was used to close the RA. The SVC was then bevelled above the abnormal pulmonary veins to keep as much length as possible and the proximal stump of the SVC was closed with a circular bovine pericardial patch. Care must be taken not to injure one of these veins or to leave one vein above the SVC incision. The right abnormal pulmonary veins were drained into the left atrium via the ASD. After the amputation of the tip of the RA appendage and a wide resection of its trabeculations, the distal stump of the SVC was anastomosed to the RA with an absorbable running suture.
An intraoperative transesophageal echocardiogram was performed in each patient.
| Follow-up
Daily echocardiograms were performed in intensive care and prior to discharge. Regular day-care appointments were scheduled, with an echocardiogram performed every week during the first month, then at 3, 6, and 12 months and finally every year. Electrocardiographs and Holter monitoring were also performed in case of rhythm disturbances.
| Statistical analysis
Categorical variables are reported as numbers and percentages.
Continuous variables are expressed as median (±standard deviations-SD) or medians and ranges. The Kaplan-Meier method was used to estimate survival rate without SVC obstruction.
| RESULTS

| Operative results
The median bypass time was 83.5 min (range 49-172 min) and the median cross clamp time was 59 min (range 35-146 min). The different anatomical variants of the PAPVCs are summarized in Table 1 . To avoid any pulmonary vein obstruction, the ASD was enlarged in 18 (20.5%) cases. The proximal SVC stump was closed with a circular patch: autologous pericardial patches treated with glutaraldehyde were used in nine (15.3%) cases; the remaining patients received bovine pericardial patches. One patient had an SVC enlargement with a bovine pericardial patch (Table 2 ).
| Mortality-morbidity
There was no early or late death. Two patients required a reoperation for pericardial drainage.
| Rhythm
All patients were in sinus rhythm at the end of the procedure.
Eight patients developed transient arrhythmias (Table 3) . These rhythm disturbances occurred in all patients in the intensive care unit except for one patient who had atrial flutter 7 days after the surgery.
Three patients had atrial flutter, two of which required external electric cardioversion. One 2-year-old patient suffered from a transient complete heart block shortly after surgery. This patient had a TOF complete repair 2 years previously and his electrocardiogram following the repair was atrioventricular block type 1 with a right bundle block.
He was discharged with the same electrocardiogram.
One patient (42 year old) had postoperative atrial fibrillation and sinus node dysfunction that required a pacemaker implantation 2 weeks after the surgery. She had Warden procedure with a patent foramen ovale (PFO) closure and a tricuspid annuloplasty.
| Venous obstruction
Two patients had SVC obstruction. Both of them required dilation and a stent implantation at 6 years and 7 months, respectively (Figure 1 ), in the SVC because of a SVC syndrome. One patient had a left pulmonary abnormal venous return in the bridging vein, which remained uncorrected. Another patient had an enlargement of the anastomosis between the SVC and the RA, with a patch of heterologous pericardium because the SVC was too short.
There were no pulmonary vein obstructions.
| Follow-up
The median stay in intensive care was 2 days (range 1-15 days), and the median hospital stay was 7 days (range 5-27 days). The median length of follow-up was 7 years (range 2-20 years). At the last follow-up, all patients were in NYHA Classes 1 and 2 in sinus rhythm.
| DISCUSSION
The best operation to perform for a complete repair of a right PAPVC is not defined. Single-and double-patch techniques are more simple but not adequate for all the different anatomic variants of the right PAPVCs. 6 On the other hand, the Warden procedure is more complex but can be done in all patients. 7 If the right pulmonary veins are drained very close into the RA, a simple baffle can redirect the pulmonary blood flow toward the left atrium. This can be performed even without opening the SVC or the SVC-RA junction and therefore without compromising the sinus node function. 4 However, this incision may injure the sinus node at the SVC-RA junction that can result in the sick sinus syndrome and require pacemaker implantation. 8, 9 In 1972, FIGURE 1 Kaplan-Meier freedom from SVC stenosis intervention related to the Warden procedure. SVC, superior vena cava
